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(57) 
The laser beam emitted from a laser diode is applied to a 
sample, thereby measuring the height of the sample in 
accordance With the principle of trigonometrical measure 
ment. A line-sensor camera acquires a dark-?eld image of 
the sample by using a ring-shaped illumination device, and 
a bright-?eld image of the sample by using a light source. 
The luminance-image data items representing the dark-?eld 
image and the bright-?eld image, respectively, are input to 
a controller. The position of the sample and the defects in the 
sample can thereby be detected. The position can be detected 
and the height can be measured, With high accuracy. This 
greatly relieves inspectors. 

ABSTRACT 

15 Claims, 3 Drawing Sheets 
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MEASURING APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a Continuation Application of PCT Application 
No. PCT/JP99/06662, ?led Nov. 29, 1999, Which Was not 
published under PCT Article 21(2) in English. 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Applications No. 
10-339333, ?led Nov. 30, 1998; and No. 10-339334, ?led 
Nov. 30, 1998, the entire contents of both of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for measur 
ing the height, position and the like of an object. 

In recent years, the integration densities and scales of 
semiconductor components are ever increasing. Among the 
semiconductor components are electrical-part packages, 
such as BGA packages each having electrical components 
such as bare chips. One type of a BGApackage includes bare 
chips With bumps formed by FC bonding. It is demanded 
that the position, height and the like of each element 
incorporated in such a BGA package be measured more 
accurately than before. 

Hitherto, inspectors examine electrical components each 
having bumps. More precisely, they examine the compo 
nents one by one, by using microscopes, for the positions 
and heights of the components. 

It takes them much time to examine the outer appearance 
of each electrical component, hoWever. The ef?ciency of the 
examination is inevitably loW. Additionally, the examination 
is cumbersome, Which annoy the inspectors greatly. 

To acquire high-quality images of samples, it is necessary 
to adjust the light from the laser diode (i.e., light source) to 
an optimal intensity. 
Some methods have been employed to control the inten 

sity of the laser beam emitted from the laser diode. One 
method is to change the poWer-supply voltage applied to the 
laser diode, thereby to control the intensity of the laser beam. 
Another method is to arrange in front of the laser diode an 
ND ?lter Whose transmittance gradually varies and move the 
ND ?lter, thereby to control the intensity of the laser beam. 

If the poWer-supply voltage of the laser diode is changed, 
hoWever, the laser beam Will have an unstable Wavelength. 
It Will be then dif?cult to acquire high-quality images. If an 
ND ?lter is used, the laser beam cannot have uniform 
intensity after it has passed through the ND ?lter. This is 
because points on a speci?ed cross section of the laser beam 
that has passed through the ND ?lter tend to exhibit different 
intensities. 

Another method may be available to control the intensity 
of a laser beam is available. ApolariZing plate is arranged in 
the path of the laser beam and rotated, thereby to change the 
intensity of the beam as the beam passes through the plate. 
HoWever, optimal brightness varies in accordance With the 
position and condition of measuring the sample. 
Consequently, it is dif?cult to acquire a high-quality image 
at all times. 

BRIEF SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a measuring apparatus that can perform various 
measuring processes at high accuracy and Within a short 
time, thereby much relieving inspectors. 
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2 
It is another object of the present invention to provide a 

measuring apparatus that can alWays acquire an image of a 
sample, Which has optimal brightness, even if the position 
and condition of measuring the sample change. 
According to an aspect of the invention, there is provided 

a measuring apparatus comprising: ?rst measuring means 
including a measuring light source for emitting a measuring 
light, an objective lens, provided to oppose a sample, for 
focusing the measuring light on the sample, scanning means 
for tWo-dimensionally scanning a surface of the sample With 
the measuring light passing through the objective lens, an 
optical system for guiding a light beam re?ected by the 
sample to a plane on Which a pupil of the objective lens is 
projected and focusing part of the guided light beam, the part 
of the guided light beam to be focused having an optical axis 
positioned apart for a distance from that of the guided light 
beam, optical position detecting means, provided on a plane 
Where the part of the guided light beam is focused by the 
optical system, for detecting a shift amount of a beam-spot 
that shifts in accordance With a height of the sample, and 
height-calculating means for calculating the height of the 
sample from the shift amount detected by the optical 
position-detecting means; and second measuring means for 
receiving through the objective lens a light re?ected from or 
scattered by the sample to Which an illumination light is 
applied from an illumination light source, and thereby 
acquiring tWo-dimensional data, Wherein the objective lens 
is provided on a position Where an optical axis related to the 
?rst measuring means and an optical axis related to the 
second measuring means overlap each other. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
explain the principles of the invention in Which: 

FIG. 1 is a schematic representation of an embodiment of 
the present invention; 

FIG. 2 is a graph illustrating the characteristic of the 
dichroic mirror incorporated in the embodiment; 

FIG. 3 is a diagram shoWing the position of the diachronic 
mirror used in the embodiment; 

FIG. 4 is schematic diagram explaining the trigonometri 
cal measurement performed in the embodiment; and 

FIG. 5 is a plan vieW the diaphragm provided at the 
light-receiving element used in the embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The embodiments of the invention Will be described With 
reference to the accompanying draWings. 
An embodiment of the present invention Will be 

described, With reference to the accompanying draWings. 
FIG. 1 is a schematic representation of a detecting appa 

ratus according to an embodiment of the present invention. 
As shoWn in FIG. 1, a sample 101 is placed on a stage 102. 
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The stage 102 can move When driven by a stage-driving 
section 205. The stage 102 can move, Whenever necessary, 
in a Z direction, an X direction and a Y direction (i.e., 
direction perpendicular to the plane of the drawing). 
An objective lens 103 opposes the sample 101 mounted 

on the stage 102. The objective lens 103 is an object-side 
telecentric lens of in?nite design. 
A ring-shaped illumination device 131 is arranged 

betWeen the stage 102 and the objective lens 103. The 
ring-shaped illumination device 131 is connected by an 
optical ?ber 132 to a light source 133. It receives light from 
the light source 133 and applies the same to the sample 101 
from the circumference of the objective lens 103, thereby to 
provide a dark-?eld image of the sample 101. 
A dichroic mirror 134 is arranged betWeen the objective 

lens 103 and a galvano-mirror 104, Which Will be described 
later. Ahalf mirror 136 is placed in the re?ection path of the 
dichroic mirror 134. 

Alight source 137 is provided in the transmission path of 
the half mirror 136, to achieve re?ected illumination. The 
light source 137 emits light, Which travels through the half 
mirror 136, dichroic mirror 134 and objective lens 103. The 
light (i.e., re?ected illumination light) is applied to the 
sample 101. A bright-?eld image of the sample 101 is 
thereby acquired. 
As shoWn in FIG. 2, the dichroic mirror 134 has particular 

characteristics. That is, it exhibits loW transparency (high 
re?ecting poWer) to the Wave region of a system for observ 
ing the dark-?eld image provided by the ring-shaped illu 
mination device 131. It presents loW transparency also to the 
Wavelength region of a system for observing the bright-?eld 
image provided by the light source 137 (for re?ected 
illumination). It exhibits high transparency (loW re?ecting 
poWer) to the Wavelength region of the measuring light 
emitted from a laser diode 105, Which Will be described later. 

The dark-?eld image or bright-image of the sample 101 is 
applied via the objective lens 103 to the dichroic mirror 134. 
The dichroic mirror 134 re?ects the image, and the half 
mirror 136 re?ects the same. The image is then applied via 
a condenser lens 135 into a line-sensor camera 138 that is 
located at the position Where the image is focused. 

That is, the line-sensor camera 138 acquires the dark- or 
bright-image of the sample 101, Which applied to it from the 
re?ection path of the dichroic mirror 134 through the 
condenser lens 135. In the line-sensor camera 138, the image 
acquiring position for each line is deviated from the scan 
ning position of the galvano-mirror 104 (later described). 
The in?uence of a laser beam is thereby eliminated. Thus, an 
excellent dark- or bright-?eld image can be obtained. 

The dark-?eld image the line-sensor camera 138 has 
acquired is input, as luminance-image data, to the position 
calculating section 139 of a controller 121. The position 
calculating section 139 ?nds the position of the sample 101 
from the tWo-dimensional image data acquired by the line 
sensor camera 138. The position-calculating section 139 
also processes the luminance-image data in accordance With 
an optimal algorithm concerning illumination or defects, 
thereby to detect foreign matter, voids or stain in the sample 
101 or the siZe of the sample 101. 

The bright-?eld image the line-sensor camera 138 has 
acquired is input, as luminance-image data, to the controller 
121. The controller 121 processes the luminance-image data 
supplied from the line-sensor camera 138, in accordance 
With an optimal algorithm concerning illumination and 
defects, thereby to detect foreign matter, voids or stain in the 
sample 101 or the siZe of the sample 101. 
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4 
A half mirror 201 is provided betWeen the dichroic mirror 

134 and the half mirror 136. This mirror 201 re?ects the light 
of the dark- or bright-?eld of the sample 101, guiding the 
same via the condenser lens 135 to a light-receiving element 
203. The output of the light-receiving element 203 is input 
to the controller 121. As shoWn in the draWing, the half 
mirror 201 lies on the optical path extending betWeen the 
dichroic mirror 134 and the half mirror 136. Instead, it may 
be located on the optical path that extends betWeen the half 
mirror 136 and the condenser lens 135. 

In accordance With the output of the light-receiving 
element 203, the controller 121 performs feedback control 
on the light source 133 or the light source 137 such that light 
intense enough to achieve tWo-dimensional measuring can 
be applied (i.e., such that the light can be applied in an 
amount that falls Within a prescribed range (betWeen the 
loWer and upper limits)). 
A ?lter 140 is arranged in front of the light source 133 

provided for the ring-shaped illumination device 131. The 
?lter 140 receives the light from the light source 133 and 
converts the same to single-Wavelength light. The dark-?eld 
image of sample 101 is thereby efficiently re?ected by the 
dichroic mirror 134 before it is applied into the line-sensor 
camera 138. The line-sensor camera 138 has a ?lter 141 
provided on its imaging surface. This ?lter 141 prevents a 
part of the laser beam emitted from the laser diode 105 
(described later) re?ected by the surface of the sample 101, 
from being re?ected by the dichroic mirror 134 to enter the 
line-sensor camera 138. 

The galvano-mirror 104 is arranged in the pupil plane 103‘ 
of the objective lens 103 and functions as scanning means 
through the dichroic mirror 134. When driven by a mirror 
driving section 120, the galvano-mirror 104 rotates around 
an axis located near the center of the pupil plane 103‘ of the 
objective lens 103. As the mirror 104 rotates, it re?ects the 
measuring light, scanning the surface of the sample 101 in 
the X direction and the Y direction (i.e., direction perpen 
dicular to the plane of the draWing), both shoWn in the 
draWing. 
The scanning is accomplished in both the X direction and 

the Y direction as the galvano-mirror 104 rotates. 
Alternatively, the Y-direction scanning may be achieved by 
moving the stage, While the X-direction scanning is effected 
by rotating the galvano-mirror 104. Conversely, the 
X-direction scanning may be achieved by moving the stage, 
While rotating the galvano-mirror 104 performs the 
Y-direction scanning. 

The galvano-mirror 104 is positioned in front of the laser 
diode 105. A collimate lens 106, a half-Wave plate 3, a 
polariZed-beam splitter 107, and a quarter-Wave plate 108 
are& arranged betWeen the mirror 104 and the diode 105. 
The collimate lens 106 receives the laser beam from the laser 
diode 105 and converts the same to parallel light. The 
parallel light travels through the half-Wave plate 3, 
polariZed-beam splitter 107 and quarter-Wave plate 108 and 
is applied to the galvano-mirror 104. The galvano-mirror 
104 re?ects the light, Which passes through the dichroic 
mirror 134 and objective lens 103. The light, or measuring 
light, is applied to the surface of the sample 101. 
The half-Wave plate 3 intersects With the axis of the laser 

beam emitted from the laser diode 105, almost at right 
angles (90°). It is desired that the half-Wave plate 3 be 
inclined at 0° to 10° to the axis of the laser beam, not 
extending exactly at right angles to the axis of the laser 
beam. This is because the plate 3, if so inclined, prevents that 
part of the laser beam that has been re?ected by the 
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half-Wave plate 3, from being applied to the light-emitting 
section of the laser diode 105. The half-Wave plate 3 is a disc 
and has a gear 3a on its circumferential surface. The gear 3a 
meshes With the gear 13a mounted on the shaft of a motor 
13. Thus, the motor 13 can rotates the half-Wave plate 3. The 
motor 13 is connected to the controller 121. The motor 13 
rotates the plate 3 through an angle in accordance With a 
control signal supplied from the controller 121, thus chang 
ing the amount of laser light to be applied via the plate 3. 

It is desired that, as shoWn in FIG. 3, the dichroic mirror 
134 be inclined at an angle less than 45° to the plane 
perpendicular to the optical aXis of the objective lens 103 
that guides to the surface of the sample 101 the measuring 
light that has been re?ected by the galvano-mirror 104. In 
the embodiment, the mirror 134 is inclined at 35° as indi 
cated by the solid lines. The angle of incidence is less than 
45° With respect to the measuring light. This minimiZes the 
loss of measuring light at the dichroic mirror 134. 

The measuring light converges in a telecentric fashion at 
a given position on the sample 101, as a light beam having 
a NA that is determined by the pupil diameter and focal 
distance of the objective lens 103. 

The measuring light re?ected from the surface of the 
sample 101 passes through the objective lens 103 and 
diachronic mirror 134. The galvano-mirror 104 re?ects the 
measuring light. Thereafter, the measuring light passes 
through the quarter-Wave plate 108 and is applied to the 
polariZed-beam splitter 107. The polariZed-beam splitter 107 
re?ects the measuring light. A ?rst condenser lens 109 
focuses the light beam on a primary image surface 110. 

The light beam passes through the primary image surface 
110 and then through a pupil relay lens 112 that serves as a 
second objective lens of in?nite design. The light beam is 
applied to a prism 113 that has a half mirror surface 113a. 
At the prism 113, the beam splits into tWo beams L1 and L2. 
The beam L1 is re?ected from the prism 113. The beam L2 
passes through the prism 113. 

The light-beam L1 re?ected from the half-mirror surface 
113a of the prism 113 travels through a ?rst diaphragm 114. 
A separator lens 115, Which is the second condenser lens, 
focuses the beam L1 on an optical position-detecting ele 
ment 116 (hereinafter referred to as PSD (Position Sensing 
Device). 

The PSD 116 generates a current signal that varies in 
accordance With the measuring position S (i.e., beam-spot 
position). The beam-spot position S shifts to the left or the 
right for a distance proportional to the change in the height 
of the sample 101. This accords With the principle of 
trigonometrical measurement, Which Will be described later 
in detail. 

The output of the PSD 116 is input to the controller 121 
and used as luminance-image data about the bright-?eld 
image of the sample 101. It is input to a height-calculating 
section 122, too. The height-calculating section 122 calcu 
lates the height Z of the sample 101, i.e., the surface level 
thereof, from the coordinates X and y (i.e., coordinates in the 
X and Y directions) and the spot-position signal output from 
the PSD 116. Note that the coordinates X and y depend on 
the angle of rotation of the galvano-mirror 104. 

The sample 101 may have projections on its surface and 
recesses in its surface. Then, the beam spot eXpands to some 
eXtent, making accurate measuring impossible. In this case, 
the PSD 116 detects, but the peripheral part of the beam spot, 
inevitably making a detection error that is too prominent to 
neglect. 

If this occurs, the height of the sample 101 cannot be 
detected correctly. It is advisable to discard the result of 
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6 
measuring. In the present embodiment, the light beam L2, 
Which has passed through the half-mirror surface 113a of the 
prism 113, is guided to a light-receiving element 125 in 
order to determine Whether the sample can be measured. 
That is, the beam L2 is guided to the element 125 having 
light-receiving segments, through the mirror surface 113b, 
i.e., the back of the prism 113, and a second diaphragm 124. 
The output of the light-receiving element 125 (i.e., data 

representing the intensity of light) is input to a determining 
section 126. From the output of the element 125 the section 
126 determines Whether the light is intense enough to detect 
the height of the sample. To be more speci?c, the section 126 
determines Whether the intensity of light falls Within a 
prescribed range (betWeen the loWer and upper limits). 

The controller 121 carries out feedback control on the 
laser diode 105 in accordance With the output of the light 
receiving element 125. Thus controlled, the laser diode 105 
emits light having intensity that falls Within the prescribed 
range (betWeen the loWer and upper limits). The light is 
therefore intense enough, making it possible to measure the 
height of the sample. 
More speci?cally, the controller 121 supplies a control 

signal to the motor 13, thus driving the same. The motor 13 
rotates the half-Wave plate 3 through the angle that the 
control signal designates. The intensity of a laser beam, 
Which can pass through the plate 3, is thereby set at an 
optimal value. An optimal intensity of laser light travels 
through the plate 3 and forms a beam spot of most appro 
priate brightness on the sample 101 placed on the state 102. 
Hence, the controller 121 can obtain an image of the sample 
101 that has been measured While illuminated to an optimal 
brightness. 

The front focal plane of the ?rst condenser lens 109 lies 
either in the pupil plane of the objective lens 103 or the plane 
103‘ conjugate thereto. By contrast, the separator lens 115 is 
positioned in the rear focal plane of the pupil relay lens 112 
that is the second objective lens. Thus, the separator lens 115 
is located at a position conjugate to the pupil plane 103‘ of 
the objective lens 103. The separator lens 115 therefore uses 
that part of the measuring light re?ected from all measuring 
points, Which has passed through the same part of the 
objective pupil plane 103‘, thereby forming a measuring spot 
on the PSD 116. 

As illustrated in FIG. 5, the ?rst diaphragm 114 is 
provided at the peripheral part of the pupil (i.e., at a distance 
h from the center of the pupil). The spot therefore moves on 
the PSD 116 in a desired direction due to the projections and 
recesses of the sample 101, on the basis of the principle of 
trigonometrical measurement. 
The ?rst diaphragm 114 and the second diaphragm 124 

that opposes the light-receiving element 125 are placed at 
positions that are conjugate to each other. Hence, the light 
beam applied onto the light-receiving element 125 is one 
composed of the beam applied to the PSD 116 and the beam 
passed through the same part of the objective pupil plane 
103‘. 
HoW the embodiment so constructed as described above 

operates Will be described beloW. 
First, the ring-shaped illumination device 131 applies 

illumination light from the circumference of the objective 
lens 103 toWard the sample 101. The sample 101 re?ects the 
light. The light, Which de?nes a dark-?eld image, passes 
through the objective lens 103, is re?ected by the dichroic 
mirror 134 and is further re?ected by the half mirror 136. 
The light then passes through the condenser lens 135, 
forming an image on the line-sensor camera 138 located at 
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the focal point of the condenser lens 135. The dark-?eld 
image acquired by the line-sensor camera 138 is input, as 
luminance-image data, to the position-calculating section 
139 of the controller 121. The controller 121 ?nds the 
position of the sample 101, thereby determining the position 
of the sample 101. 

The light source 137 emits illumination light. The illu 
mination light is applied to the sample 101, passing through 
the half mirror 136, condenser lens 135, dichroic mirror 134 
and objective lens 103. The sample 101 re?ects the illumi 
nation light, Which forms a bright-?eld image. This light 
passes through the objective lens 103, is re?ected by the 
dichroic mirror 134 and further by the half mirror 136. The 
light then passes through the condenser lens 135. The 
line-sensor camera 138, Which is located at the focal point 
of the lens 135, acquires the bright-?eld image. The bright 
?eld image is input, as luminance-image data, to the con 
troller 121. The controller 121 selects the optimal algorithm 
concerning the defects in the sample 101. The defects are 
thereby detected. 

Thus, When the ring-shaped illumination device 131 is 
turned on, the luminance-image data representing a dark 
?eld image of the sample 101 is input to the controller 121, 
Whereby the position of the sample 101 is detected. When 
the light source 137 is turned on, the luminance-image data 
representing a bright-?eld image of the sample 101 is input 
to the controller 121, Whereby the defects in the sample are 
detected. In either case, the detection can be achieved With 
high accuracy, reducing detection errors. The ring-shaped 
illumination device 131 and the light source 137 can be 
turned on simultaneously, inputting luminance-image data 
that is a combination of the dark- and bright-?eld images of 
the sample 101. In this case, too, it is possible to measure the 
sample 101 for various items, by processing the luminance 
image data in accordance With various algorithms. 

The laser diode 105 emits a laser beam, Which is applied 
to the galvano-mirror 104 through the collimate 106, 
polariZed-beam splitter 107 and quarter-Wave plate 108. The 
galvano-mirror 104 re?ects the light, Which is applied, as 
measuring light, via the dichroic mirror to the objective lens 
103. The objective lens 103 focuses the measuring light on 
the surface of the sample 101. The sample 101 re?ects the 
measuring light. The light travels through the objective lens 
103 and the dichroic mirror 134. The galvano-mirror 104 
re?ects the light, Which is applied via the quarter-Wave plate 
108 to the polariZed-beam splitter 107 and then applied to 
the ?rst condenser lens 109. The lens 109 focuses the light 
on the primary image surface 110. The light passes ?rst 
through the primary image surface 110 and then through the 
pupil relay lens 112. The light is applied to the prism 113 
having half-mirror surface 113a. The light is re?ected at the 
half-mirror surface 113a, forming a beam L1. The beam L1 
travels through the mirror 113 and ?rst diaphragm 114 to the 
separator lens 115. The separator lens 115 focuses the beam 
L1 on the SPD 116. 

The output of the PSD 116, i.e., the luminance-image data 
that represents the bright-?eld image of the sample 101, is 
input to the controller 121. It is input to the height 
calculating section 122, too. 

The controller 121 measures the various items of the 
sample 101, in accordance With the luminance-image data 
about the bright-?eld image of the sample 101. The height 
calculating section 122 calculates the height Z of the sample 
101, from the coordinates X and y and the spot-position 
signal output from the PSD 116. 

The measuring of the height Z may be performed inde 
pendently. Alternatively, it may be implemented along With 
the acquisition of the dark- or bright-?eld image of the 
sample 101. 
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8 
The operation of the height-calculating section 122 Will 

be described in detail. 

First, the principle of calculating the height of the sample 
101 and the method thereof Will be explained in detail. 

FIG. 4 shoWs only those components that lie behind the 
primary image surface 110 shoWn in FIG. 1. The image of 
the sample, Which is formed in the primary image surface 
110, is regarded as the surface 110‘ of the sample. 
The system parameters applied are the focal distance fp of 

the pupil relay lens 112 (second objective lens), the focal 
distance fs of the separator lens 115, the magni?cation M of 
the primary image, the height h from the optical aXis to the 
center of the separator lens 115, the distance D betWeen the 
pupil relay lens 112 and the separator lens 115, and the 
numerical aperture NAOB of the ?rst condenser lens 109. 
The defocusing degree Z‘ (height) of the primary image is 

given as ZM2, Where Z is the height of the sample 101. A 
beam spot is formed on the PSD 116, at a distance 6 from 
the center of the PSD 116. As is seen from FIG. 4, the 
distance is de?ned as folloWs: 

6=fs-tan or (1) 

tan ot=h/(b-D) (2) 

Therefore: 

Where P is the ratio (P=q)/h) betWeen the center of the 
diaphragm and the radius of the pupil, Which is obtained at 
the pupil of the condenser lens 109. 

Let us ?nd b, as folloWs: 

Hence: 

Combining the above equations, We have the folloWing: 

As described above, the pupil relay lens 112 and the 
separator lens 115 are spaced apart by a distance D, Which 
is fp. Therefore: 

5=(f5/fP)'(NA0BM/P)'Z (8) 

Thus, 6 and Z have a relation that is perfectly linear. 
The value actually measured is 6. The equation (8) can 

therefore be transformed to the folloWing: 

To calculate the height Z of the sample 101, based on the 
principle described above, the height-calculating section 122 
incorporated in the controller 121 receives a spot-position 
signal 6 from the PSD 116. The height-calculating section 
122 uses spot-position signal 6, the system parameters f and 
the like, and the position data items X and y sequentially 
supplied from the mirror-driving section 120 and calculates 
the heights Z at various measuring positions. The heights Z 
are sequentially output from the section 122. 

Thus, height can be measured at a broad area and over a 
broad dynamic range, at a very high speed, Without moving 
any optical system or the sample 101 up or doWn. 
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The height of the surface of the sample 101 can therefore 
be carried out at high speed thanks to the principle of 
trigonometrical measurement, by using the measuring light 
emitted from the laser diode 105. In addition, the line-sensor 
camera 138 acquires a dark-?eld image of the sample 101 by 
using the ring-shaped illumination device 131 or the bright 
?eld image of the sample 101 by using the light source 137. 
It is therefore possible to measure the position of the sample 
101 or detect defects in the sample 101, under the best 
condition concerning the defects. Thus, various measuring 
processes, such as height-measuring and position 
measuring, can be achieved both accurately and ef?ciently 
Within a short time. Moreover, the objective lens 103 serves 
not only as tWo-dimensional measuring means for providing 
tWo-dimensional image data such as a dark-?eld image or a 
bright-?eld image, but also as three-dimensional measuring 
means that performs trigonometrical measurement (for mea 
suring at least height). A plurality of measuring means can 
therefore operate Without moving the sample 101. As a 
result, one measuring means can be sWitched to another, 
Without displacing the sample 101. This much relieves 
inspectors and eliminates cumbersome adjusting operations. 

In the embodiment described above, the half-Wave plate 
3 lies in front of the laser diode 105 that emits a laser beam. 
The plate 2 intersects With the laser beam at almost right 
angles and can rotate. The plate 3 is rotated by the motor 13 
by an angle designated by the control signal supplied from 
the controller 121 to the motor 13. The intensity at Which the 
laser beam passes through the plate 3 is thereby set at a 
speci?c value. Therefore, the Wavelength of the laser beam 
does not change as in a conventional apparatus in Which the 
poWer-supply voltage of the laser diode is changed. High 
quality images can thereby be obtained. Further, a laser 
beam of uniform intensity can be continuously applied, not 
varying in intensity as in a conventional apparatus that has 
a DN ?lter. Thus, a laser beam of uniform intensity can be 
applied continuously. In other Words, stable control of a laser 
beam is realiZed. 
As has been described, the present invention provides a 

measuring apparatus that can perform various measuring 
processes With high accuracy and Within a short time, thus 
much relieving inspectors. Moreover, the provides a mea 
suring apparatus that can alWays acquire images of optimal 
brightness, even if the measuring position is changed to 
another or the measuring condition is altered. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A measuring apparatus comprising: 
?rst measuring means including: 

a measuring light source for emitting a measuring light, 
an objective lens, provided to oppose a sample, for 

focusing the measuring light on the sample, 
scanning means for tWo-dimensionally scanning a sur 

face of the sample With the measuring light passing 
through the objective lens, 

an optical system for guiding a light beam re?ected by 
the sample to a plane on Which a pupil of the 
objective lens is projected and focusing part of the 
guided light beam, the part of the guided light beam 
to be focused having an optical aXis positioned apart 
for a distance from an optical aXis of the guided light 
beam, 
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10 
optical position detecting means, provided on a plane 

Where the part of the guided light beam is focused by 
the optical system, for detecting a shift amount of a 
beam-spot that shifts in accordance With a height of 
the sample, and 

height-calculating means for calculating the height of 
the sample from the shift amount detected by the 
optical position-detecting means; and 

second measuring means for receiving through the objec 
tive lens a light re?ected or scattered by the sample to 
Which an illumination light is applied from an illumi 
nation light source, and thereby acquiring tWo 
dimensional data, 

Wherein the objective lens is provided at a position Where 
an optical aXis related to the ?rst measuring means and 
an optical aXis related to the second measuring means 
overlap each other. 

2. The measuring apparatus according to claim 1, Wherein 
the tWo-dimensional data acquired by the second measuring 
means contains at least one of luminance-image data items 
representing a dark-?eld image of the sample and a bright 
?eld image thereof, respectively. 

3. The measuring apparatus according to claim 1, Wherein 
the tWo-dimensional data acquired by the second measuring 
means contains luminance-image data items representing a 
dark-?eld image of the sample and a bright-?eld image 
thereof, respectively. 

4. The measuring apparatus according to claim 1, further 
comprising a dichroic mirror for splitting the light re?ected 
or scattered from the sample into tWo parts and applying the 
parts of the light to the ?rst measuring means and the second 
measuring means, respectively, Wherein 

the dichroic mirror has a surface that intersects With an 
optical aXis of the objective lens at an angle less than 
45°. 

5. The measuring apparatus according to claim 1, Wherein 
the second measuring means includes a line-sensor camera 
for acquiring a one-dimensional image of the sample, a 
position of the one-dimensional image on the sample being 
deviated from a scanning portion of the scanning means on 
the sample for each scanning line. 

6. The measuring apparatus according to claim 5, Wherein 
the second measuring means acquires a dark-?eld image of 
the sample or a bright-?eld image thereof, and Wherein 

a height calculation of the sample by the ?rst measuring 
means and an image acquisition of the sample by the 
second measuring means are simultaneously executed. 

7. The measuring apparatus according to claim 1, Wherein 
the illumination light source includes a re?ected illumina 
tion light source. 

8. The measuring apparatus according to claim 1, Wherein 
the illumination light source includes a light source for 
emitting an illumination light to provide a dark-?eld image 
and a ?lter for converting the illumination light emitted by 
the light source to a single-Wavelength light. 

9. The measuring apparatus according to claim 1, Wherein 
the ?rst measuring means further includes means for acquir 
ing tWo-dimensional data related to the sample. 

10. The measuring apparatus according to claim 1, further 
comprising means for detecting an intensity of the illumi 
nation light re?ected, and means for controlling the illumi 
nation light in accordance With the intensity detected. 

11. The measuring apparatus according to claim 1, further 
comprising a rotatable Wave plate arranged on a path of the 
measuring light. 

12. The measuring apparatus according to claim 11, 
further comprising drive means for rotating the Wave plate 
and determining an angle at Which the Wave plate is to be 
rotated. 
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13. The measuring apparatus according to claim 12, 
further comprising means for detecting an intensity of the 
measuring light re?ected, and means for driving the drive 
means in accordance With the intensity detected, thereby to 
control the measuring light. 

14. The measuring apparatus according to claim 11, 
Wherein the Wave plate is inclined at such an angle that the 
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light emitted from the measuring light source and then 
re?ected is not applied to the measuring light source. 

15. The measuring apparatus according to claim 11, 
Wherein the Wave plate is a half-Wave plate. 


